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The present invention relates to a method for 
5 separating propane and propylene contained in a gas 
mixture . 

The propylene polymerization reaction for obtaining 
polypropylene generally uses: 
10 - propylene, as monomer, 

- a catalyst (Ziegler-Natta, metallocene, chromium 
oxide , etc . ) , 

- an agent controlling the length of the polymer 
chains, such as hydrogen, and 

15 - inert substances issuing or not from the 

reaction (propane, nitrogen, etc.). 

During this polymerization reaction, unreacted 
propylene is usually recycled to the inlet of the 

20 polymerization reactor. This recycling involves a step 
of cooling or condensation of the effluent from the 
polymerization reactor, in order to maintain a constant 
reaction temperature. The propylene is recycled with 
other components of the reactor effluent such as 

25 hydrogen, propane and nitrogen. The propane recycling 
is supplemented by a make-up of very rich and very pure 
propylene. Although this make-up is very rich in 
propylene, inert substances, such as propane and 
nitrogen, or light compounds, such as hydrogen, 

3 0 accumulate in the recycling effluent, thereby 
considerably reducing the productivity of the 
polymerization unit. To decrease the concentration of 
these inert substances or these light compounds, the 
recycling loop is occasionally purged of these 

35 substances. In other words, a part of the recycling 
loop is sent to a monomer recovery unit or flared. 
This purge operation has the drawback of decreasing the 
profitability of the polymerization process because 
either an additional unit is dedicated to propylene 
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recovery, or the propylene is lost at the flare. To 
decrease these losses, it was proposed in patent US-B1- 
6 271 319 to treat the recycled effluent with a 
membrane permitting the selective permeation of the 
5 propylene with respect to the propane. Thus, the 
membrane serves to obtain 1) a propane -enriched 
retentate which can thus be removed from the recycle 
loop and 2) a propylene -enriched permeate which can be 
recycled to the polymerization reactor. The propylene 

10 losses are therefore limited in comparison with the 
prior art and the productivity of the polymerization 
process is improved. The drawback of this solution is 
that the membranes described in US-B1-6 271 319 consist 
of materials selected from polyimides, polyphenylene 

15 oxides and perf luoropolymers , which are slightly 
permeable to propylene. In consequence, for a given 
installed membrane surface area, the propylene recovery 
rate remains low. 

20 The object of the present invention is to propose a 
method for improving the propylene/propane separation 
by permeation particularly in propylene polymerization 
units . 

25 A further object is to propose a method for improving 
the propylene/propane separation by permeation in the 
propylene polymerization units in order to increase the 
productivity of polypropylene production. 

30 For this purpose, the invention relates to a method for 
treating a gas mixture comprising at least propylene 
and propane in order to separate the propylene from the 
propane, in which the gas mixture is contacted with a 
membrane (Ml) carrying out the selective permeation of 

3 5 propylene with respect to propane so as to obtain a 
propylene -enriched permeate and a propane-enriched 
retentate, characterized in that the propylene 
concentration of the permeate in the membrane is 
decreased by means of a sweeping gas . 
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The invention further relates to a polypropylene 
polymerization method, comprising the following steps: 
a) polymerization of propylene, 
5 b) recovery of an effluent issuing from step a) 

and comprising at least polypropylene, 
propane and propylene, 

c) treatment of the effluent from step b) in 
order to produce a solid effluent comprising 

10 at least polypropylene and a gaseous effluent 

comprising at least propane and propylene, 

d) treatment of the gaseous effluent issuing 
from step b) or originating from the 
propylene recovery section, in order to 

15 separate the propylene from the propane, in 

which the gaseous mixture is contacted with a 
membrane (Ml) carrying out the selective 
permeation of propylene with respect to 
propane in order to obtain a propylene - 

20 enriched permeate and a propane -enriched 

retentate, characterized in that the 
propylene concentration of the permeate in 
the membrane is decreased by means of a 
sweeping gas, 

25 e) recycling of the propyl ene-enriched permeate 

issuing from the membrane (Ml) to a 
polymerization step. 



Other features and advantages of the invention will 
30 appear from a reading of the description that follows. 
Forms and embodiments of the invention are provided as 
non-limiting examples, illustrated by the appended 
drawings in which: 

- Figure 1 is a schematic view of a method 
3 5 according to the invention, 

- Figure 2 is a schematic view of a particular 
embodiment of the method according to the 
invention. 
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Hence the invention relates first to a method for 
treating a gas mixture comprising at least propylene 
and propane in order to separate the propylene from the 
propane, in which the gas mixture is contacted with a 
5 membrane (Ml) carrying out the selective permeation of 
propylene with respect to propane in order to obtain a 
propylene -enriched permeate and a propane-enriched 
retentate, characterized in that the propylene 
concentration of the permeate in the membrane is 

10 decreased by means of a sweeping gas. The method 
according to the invention relates to the treatment of 
a gas mixture comprising at least propylene and 
propane. The proportions of these two compounds in the 
mixture may be variable and are generally between 5% by 

15 weight and 25% by weight for propane and 75% by weight 
and 95% by weight for propylene. This gas mixture may 
comprise other compounds such as hydrogen, nitrogen, in 
proportions in the range of 10% and 15% by weight 
respectively. This gas mixture issuing from the 

20 polymerization reaction or from the propylene recovery 
unit normally has a pressure of between 10 bar and 45 
bar. The separation of the propylene and the propane 
from the gas mixture is obtained by a permeation 
method, that is, contacting of the gas mixture with a 

2 5 membrane (Ml) carrying out the selective permeation of 

propylene with respect to propane. To ensure this 
selectivity between the two compounds, the membrane 
(Ml) preferably consists of a material selected from 
polyimides and perf luoropolymers . The propylene 

3 0 preferably passes through the membrane and is recovered 

on the low pressure side forming the propylene-enriched 
permeate, that is, which has a higher propylene 
concentration than the gas mixture to be treated. The 
propane preferably remains on the high pressure side of 
3 5 the membrane and forms the propane -enriched retentate, 
that is, which has a higher propane concentration than 
the gas mixture to be treated. According to the 
essential characteristic of the invention, the 
propylene concentration of the permeate in the membrane 
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is decreased by contacting a sweeping gas with the low 
pressure side of the membrane (permeate side) . The 
sweeping gas is normally introduced in countercurrent 
flow to the feed of gas mixture to be treated. The 
5 sweeping gas serves to increase the propylene partial 
pressure gradient on either side of the membrane and 
accordingly improves the productivity of the membrane. 
The sweeping gas does not contain any propylene and is 
preferably ethylene. 

1.0 

The method according to the invention can be 
implemented in particular during a polypropylene 
polymerization process; in this case, the sweeping gas 
is advantageously a gas comprising ethylene (with a 
15 purity, for example, higher than 99% by weight) , 
particularly if ethylene is used as comonomer during 
one of the polypropylene copolymerization reactions. 
This particular implementation serves to improve the 
propylene /propane separation efficiency while ensuring 

2 0 the premixing of the monomer, the propylene and the 

comonomer, upstream of the polymerization reactor. 

According to a particular embodiment of the method 
according to the invention, when the gas mixture to be 
25 treated also comprises hydrogen, before the step of 
contacting the gas mixture with the membrane (Ml) 
carrying out the selective permeation of propylene with 
respect to propane, the gas mixture may be contacted 
with a membrane (M2) carrying out the selective 

3 0 permeation of hydrogen with respect to propane and to 

propylene in order to obtain a hydrogen- enriched 
permeate and a retentate enriched with propylene and 
propane. This particular embodiment is recommended 
when the gas mixture to be treated comprises hydrogen 
35 in a non-negligible quantity, for example a hydrogen 
concentration above 2% by weight. The membrane (M2) 
carrying out the selective permeation of the hydrogen 
normally consists of a material selected from 
polyamides or polyimides . Preferably, the membrane 
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(M2) is in the form of hollow fibers grouped in bundles 
forming a permeation module. According to a preferred 
application of this particular embodiment, the hydrogen 
concentration on the permeate side in the membrane (M2) 
5 carrying out the selective permeation of hydrogen is 
decreased by means of a sweeping gas . The hydrogen 
concentration of the permeate in the membrane (M2) is 
decreased by contacting the sweeping gas, preferably 
nitrogen or any other effluent containing no hydrogen, 

10 with the low pressure side of the membrane 
(M2) (permeate side) . The sweeping gas is normally 
introduced in count ercur rent flow to the feed of the 
gas mixture to be treated. The sweeping gas serves to 
increase the hydrogen partial pressure gradient on 

15 either side of the membrane (M2) and accordingly 
improves the productivity of the membrane. This 
particular embodiment (combination of two membranes Ml 
and M2) serves to remove both the propane and the 
hydrogen from the gas mixture, while minimizing the 

2 0 hydrogen losses. 

The invention . further relates to a propylene 
polymerization method, comprising the following steps: 



a) 
b) 



polymerization of propylene, 



25 



recovery of an effluent issuing from step a) 
and comprising at least polypropylene, 
propane and propylene, 



30 



c) 



treatment of the effluent from step b) in 
order to produce a solid effluent comprising 
at least polypropylene and a gaseous effluent 
comprising at least propane and propylene, 



35 



d) 



treatment of the gaseous effluent issuing 
from step b) , or originating from the 
propylene recovery unit, in order to separate 
the propylene from the propane, in which the 
gaseous mixture (1) is contacted with a 
membrane (Ml) carrying out the selective 
permeation of propylene with respect to 
propane in order to obtain a propylene- 
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enriched permeate (2) and a propane-enriched 
retentate (3) , characterized in that the 
propylene concentration of the permeate in 
the membrane is diluted by means of a 
5 sweeping gas, 

e) introduction in the polymerization step a) of 
the propylene -enriched permeate (3) issuing 
from the membrane (Ml) carrying out the 
selective permeation of propylene with 
10 respect to propane. 

According to this polymerization method, the 
polymerization reactor effluent is generally treated 
during a step b) of cooling or condensation. The gas 
15 phase comprises at least propylene and propane, and is 
then treated by the treatment method previously defined 
and possibly by its preferred and particular 
embodiments . 

2 0 Thus : - 

the membrane (Ml) may consist of a material 
selected from polyimides and perf luoropolymers . 

- the sweeping gas (4) may be a gas comprising 
ethylene or any other effluent containing no propylene, 
25 - the gaseous effluent (1) issuing from step c) or 

issuing from the propylene recovery unit may further 
comprise hydrogen and, during the step of contacting 
the gaseous effluent (1) with the membrane (Ml) 
carrying out the selective permeation of propylene with 

3 0 respect to propane, the gaseous effluent (1) may be 

contacted with a membrane (M2) carrying out the 
selective permeation of hydrogen with respect to 
propane and propylene, in order to obtain a hydrogen- 
enriched permeate (5) and a retentate (6) enriched with 
3 5 propylene and propane, 

the membrane (M2) carrying out the selective 
permeation of hydrogen may consist of a material 
selected from polyamides or polyimides, 
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- the hydrogen concentration of the permeate in 
the membrane (M2) carrying out the selective permeation 
of hydrogen may be decreased by means of a sweeping gas 
(7) , 

5 - the sweeping gas (7) used during the selective 

permeation of hydrogen may be a gas comprising 
nitrogen, or any other effluent containing no hydrogen. 

According to a particular embodiment, the step a) may 
10 be a polypropylene copolymerization step. In this 
case, the sweeping gas (4) is advantageously a gas 
comprising ethylene. 

According to a further particular embodiment of the 
15 invention, the effluent (1) issuing from step c) may be 
mixed with a gaseous effluent (1') issuing from the 
successive sequence of a step a' ) of polypropylene 
copolymerization, followed by a step b' ) of recovering 
the effluent issuing from step a') and comprising at 
2 0 least polypropylene, propane and propylene, followed by 
a step C ) of treatment of the effluent from step b' ) 
so as to produce a solid effluent comprising at least 
polypropylene and the gaseous effluent (1') comprising 
at least propane and propylene. This embodiment is 

2 5 adapted to the case of a propylene copolymerization 

process. Thus, the membrane (Ml) may treat a mixture 
of at least two gaseous effluents (1) and (1') issuing, 
on the one hand, from the propylene homopolymerization 
section, and on the other hand, from a propylene 
30 copolymerization section. The permeate (3) issuing 
from the membrane may then be recycled to the propylene 
copolymerization step . 

The propane separated from the propylene is generally 

3 5 removed from the process and sent to the fuel gas 

network of the process or to the flare. 

The propylene recovered on the permeate side of the 
membrane Ml is generally recompressed via existing 
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compressors or via a new compressor before its 
introduction into the copolymerization section. 

Figures 1 and 2 show the putting into practice of the 
5 method according to the invention and more particularly 
the functioning of the membranes. Figure 1 shows the 
functioning of the membrane (Ml) carrying out the 
selective permeation of propylene with respect to 
propane. The gas mixture (1) comprising at least 

10 propylene and propane, and possibly hydrogen and/or 
nitrogen, is introduced on the higher pressure side of 
the membrane (Ml) . A sweeping gas (4) having a lower 
pressure than the gas mixture (1) is introduced in 
count ercurrent flow to the gas mixture (1) and on the 

15 permeate side of the membrane. The following compounds 
issue from the membrane: 

- on the one hand, from the higher pressure side, 
the retentate (2) enriched with propane compared with 
the gas mixture (1) , 

2 0 - on the other hand, on the lower pressure side, 

the permeate (3) enriched with propylene compared with 
the gas mixture (1) . 

Figure 2 shows the functioning of the membranes (Ml) 

2 5 and (M2) carrying out the permeation of propane and 

hydrogen from the gas mixture comprising propylene, 
propane and hydrogen . The gas mixture ( 1 ) and/ or ( 1 ' ) 
comprising at least propylene, hydrogen and propane is 
introduced on the higher pressure side of the membrane 

3 0 (M2) . A sweeping gas (7) having a lower pressure than 

the gas mixture (1) is introduced in countercurrent 
flow to the gas mixture (1) and on the permeate side of 
the membrane. The following compounds issue from the 
membrane (M2) : 

3 5 - on the one hand, from the higher pressure side, 

the retentate (6) enriched with propane and propylene 
compared with the gas mixture (1) , 
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- on the other hand, from the lower pressure side, 
the permeate (3) enriched with hydrogen compared with 
the gas mixture (1) . 

5 The retentate (6) of the membrane (M2) is then 
contacted with the membrane (Ml) and in particular, is 
introduced on the higher pressure side of the membrane 
(Ml). A sweeping gas (4) having a lower pressure than 
the retentate (6) is introduced in countercurrent flow 
10 to the retentate (6) of the membrane (M2) and on the 
permeate side of the membrane (Ml) . The following 
compounds issue from the membrane (Ml) : 

- on the one hand, from the higher pressure side, 
the retentate (2) enriched with propane compared with 

15 the gas mixture (1) and with the retentate (6) of the 
membrane (M2) , 

- on the other hand, from the lower pressure side, 
the permeate (3) enriched with propylene compared with 
the gas mixture (1) and with the retentate (6) of the 

2 0 membrane (M2) . 

It has been demonstrated that the removal of propane 
enhances catalyst activity and serves to increase the 
productivity of the propylene production units. Thus, 

25 it has been possible to increase the productivity of a 
Ziegler-Natta type catalyst by 0.5 to 2%, corresponding 
to additional quantities of polypropylene resin 
produced (about 2500 tonnes of resin for a 
polypropylene unit with a capacity of 2 50 ktonnes/yr) 

30 while reducing the propylene losses. 

The putting into practice of the method according to 
the invention also has the advantage of permitting the 
control of the propylene recovery rate by controlling 
35 the flow rate of sweeping gas, contrary to the membrane 
methods of the prior art, in which the recovery rate 
depended on the membrane surface area installed for a 
given permeate pressure. 
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The sweeping gas also serves to solve problems of 
membrane ageing (longer service life) . 

The particular embodiment of the method according to 
5 the invention has the advantage of improving the 
propylene /propane separation efficiency by permeation 
while permitting separation of the hydrogen. 

The use of an ethylene -rich sweeping gas or a propylene 
10 comonomer serves to improve the propylene/propane 
separation efficiency while ensuring the premixing of 
the monomer (propylene) and ethylene or of the monomer 
(propylene) and the comonomer upstream of the 
copolymerizat ion reactor. 

15 

EXAMPLES 

With a polyimide membrane module having a membrane 
surface area of 470 m 2 , putting into practice the 

20 method according to the invention, it was possible to 
recover 84% of the propylene present in the gas mixture 
comprising 76 mol% of propylene and 24 mol% of propane. 
The sweeping gas used comprised 100% ethylene. The 
details of the characteristics of the application are 

25 given in Table 1 below. 
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Table 1 : Propylene/propane separation by membrane with 

sweeping gas (ethylene) 





Gas 


Sweeping 


Permeate 


Residue 


introduced 


gas 








into the 










membrane 








Composition (mol%) 


hydrogen 


0 


0 


0 


0 


ethylene 


0 


100 


56 . 4 


0 . 6 


pr opy 1 ene 


76 


0 


40 . 2 


39 


propane 


24 


0 


3 . 4 


60.4 




Partial 


molar flow 


(NmVh) 




hydrogen 


0 


0 


0 


0 


ethylene 


0 


133 


133 . 03 


0 .25 


propylene 


112 .48 


0 


94.85 


17 . 55 


propane 


35.52 


0 


8.12 


27.19 


Molecular 


42.6 


28 


34.2 


43.2 


weight 










(g/mol) 










Throughput 


281 . 1 


166.2 


360 . 3 


86.8 


(kg/h) 










Throughput 


148 


133 


236 


45 


(Nm 3 /h) 










P(bar abs) 


19 


19 


3.8 


19 


T (°C) 


148 


148 


90 


90 



By comparison, the permeation method carried out with 
the same membrane but without sweeping gas, according 
to the prior art technique, only served to recover 71 
mol% of the propylene present in the same gas mixture, 
10 as shown in Table 2 below. 
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Table 2: Propylene /propane separation by membrane 



without sweeping gas 





Gas 


Sweeping 


Permeate 


Residue 


introduced 


gas 








into the 










membrane 








Composition (mol%) 


hydrogen 


0 


0 


0 


0 


ethylene 


0 


100 


56 .4 


0 . 6 


propylene 


76 


0 


40.2 


39 


propane 


24 


0 


3.4 


60.4 




Partial 


molar flow 


(Nm 3 /h) 




hydrogen 


0 


0 


0 


0 


ethylene 


0 


133 


133 .03 


0 .25 


propylene 


112 .48 


0 


94 .85 


17 . 55 


propane 


35.52 


0 


8 .12 


27 . 19 


Molecular 


42 .6 


28 


34.2 


43.2 


weight 










(g/mol) 










Throughput 


281 . 1 


166.2 


360.3 


86.8 


(kg/h) 










Throughput 


148 


133 


236 


45 


(Nm 3 /h) 










P (bar abs) 


19 


19 


3.8 


19 


T (°C) 


148 


148 


90 


90 



